Benzo[a]pyrene mediated time- and dose-dependent alteration in cellular metabolism of primary pig bladder cells with emphasis on proline cycling.
Exposure to xenobiotic such as benzo[a]pyrene (B[a]P) induces metabolic changes, which have a considerable impact on the cellular response. Nevertheless, we are just in the beginning to reach an understanding of these processes. In this study, a gas chromatography-mass spectrometry (GC-MS)-based metabolomics approach was applied to distinguish the metabolic changes that bladder epithelia cells undergo upon B[a]P exposure. To closely reflect the epithelia cell conditions in vivo, freshly isolated primary porcine urinary bladder epithelial cells (PUBEC) were utilized for the current study. An untargeted metabolomics approach was used to characterize the time- (6 h, 24 h, 48 h) and dose-dependent (0.5 µM, 5 µM, 10 µM B[a]P) changes in the metabolome of PUBEC upon B[a]P exposure, which led to the profiling of more than 200 metabolites that differed significantly between control and exposed samples. Multivariate analysis of the data highlighted that in the experimental setup/model used other than the exposure concentration, it is the exposure time which seems to be most important for distinguishing between different groups and hence may have a bigger role in B[a]P-mediated toxicity but may be specific for cell model used and hence requires further investigations. Further, enrichment and pathway analysis using MetaboAnalyst highlighted that exposure to B[a]P mainly alters the cellular amino acid metabolism. Particularly, 1-pyrroline-5-carboxylic acid (P5C), an intermediate of the cycling of the amino acid proline, was identified as a differentially altered metabolite at all concentrations and exposure times used in the experiment. An increase in the activity of proline dehydrogenase/proline oxidase (PRODH/POX), which oxidizes proline to P5C, was also observed, further supporting our metabolomic data. Our findings contribute to an improved knowledge about the reprogramming of metabolism which is a fundamental element of the cellular response to B[a]P and draw attention to the role of proline in this context.